Inhibitors of serine/threonine phosphatases increase membrane-bound choline acetyltransferase activity and enhance acetylcholine synthesis.
The present investigation examines the effects of phosphatase inhibition on short-term regulation of cholinergic function, with particular emphasis on choline acetyltransferase, the enzyme which synthesizes acetylcholine. Rat hippocampal synaptosomes were treated with either okadaic acid (10 nM) or calyculin-A (50 nM) to inhibit protein phosphatases 1 and 2A for 20 min prior to subfractionation of nerve terminals and measurement of choline acetyltransferase activity, or quantification of high-affinity choline transport and acetylcholine synthesis. Inhibition of synaptosomal phosphatases did not alter total or salt-soluble choline acetyltransferase activity, but membrane-bound and water-soluble forms of the enzyme were selectively increased in okadaic acid-treated nerve terminals to 129 +/- 11% and 137 +/- 10% of control, respectively. High-affinity choline transport was reduced to 77 +/- 6% and 76 +/- 7% of control in calyculin-A- and okadaic acid-treated nerve terminals, respectively. Acetylcholine synthesis was reduced to 73 +/- 6% of control in calyculin-A-treated synaptosomes only; acetylcholine synthesis was at control levels in okadaic acid-treated cultures correlating with enhanced choline acetyltransferase activity in the water-soluble and nonionically membrane-bound fractions. These investigations indicate a role for phosphoprotein phosphatases in the regulation of acetylcholine synthesis in the cholinergic nerve terminal. The observed increases in choline acetyltransferase activity in two subcellular fractions appears to compensate for decreased choline precursor availability, allowing acetylcholine synthesis to be maintained at control levels. The uncoupling of choline transport and acetylcholine synthesis in this situation represents a unique functional role for a subfraction of choline acetyltransferase.